Abstract. Colorectal cancer (CRC) is one of the most common types of cancer worldwide. The majority of mortalities caused by colorectal cancer are due to metastatic disease. As numerous CRC patients experience metastasis to the liver or lung and fail to respond to curative therapies, intensive research efforts have sought to identify the molecular changes or regulatory mechanisms underlying CRC metastasis. In the present study, a stable CRC cell line, HCT16, overexpressing firefly luciferase was constructed and an in vivo metastasis model was established via intravenous injection of this cell line. Using an imaging system, tumor tissue located in the lung and colon was separated and cells were prepared. The microRNA (miRNA) expression profiles of these lung homing or colon homing cells were assessed and compared. A total of 38 differentially expressed miRNAs were selected and confirmed our previous results; several of these have been reported to be involved in the regulation of cancer progression. However, the remaining miRNAs require further investigation. The present profiling may be the first step toward delineating the differential expression of miRNAs in the CRC cells located in the colon and the lung, enabling the elucidation of the regulation associated with miRNAs in colorectal lung metastases. These miRNAs require further validation and functional analysis to evaluate whether they are important in the pathogenesis of colorectal lung metastases or are adopted as markers to predict colorectal metastasis.
Introduction
Colorectal cancer (CRC) is one of the most common types of cancer worldwide, accounting for ~9% of all cancer mortality in 2013 (1) . Metastatic disease develops in >50% of patients, exhibiting an ultimately fatal prognosis, with 5-year survival rates of 10% (2) . Although treatment with chemotherapy and radiation therapy has improved and become more effective for locally advanced mid to low rectal cancers and metastatic colon lesions over the past three decades (3) , to date, no major advance has been observed in 5-year survival rates and the number of patients cured from metastatic CRC remains low.
Metastasis is a complex process involving multiple steps. Tumor cells are required to achieve the two rate-limiting steps of invasion and distant colony formation. Metastatic spread to the liver and lungs occurs most frequently in colorectal cancer metastases in humans (4) . Numerous CRC patients experience metastasis to the liver or lung and fail to respond to curative therapies, thus significant research efforts have focused on identifying the molecular changes underlying CRC metastasis (5) . Several candidate biomarkers have been reported, including ST6 galactose I and β1 integrin (6, 7) . However, the mechanism of distant metastasis in CRC remains to be elucidated.
MicroRNAs (miRNAs) are a group of small, endogenous, non-protein-coding RNA molecules that negatively regulate gene expression (8, 9) . In previous decades, miRNAs were found to be important in multiple biological processes and the metabolic regulation of cancer (10) . In addition, multiple studies have indicated the importance of miRNAs in managing the efficiency of chemotherapy in several types of human cancer (11, 12) . In the present study, the CRC cell line HCT116 was infected with a recombinant lentivirus carrying the firefly luciferase gene and a stable cell line was obtained via puromycin selection (HCT116/Luc). This cell line was selected as an in vivo model of metastasis (13) . The present study aimed to investigate the differences of miRNA expression profiles between the HCT116/Luc located in the colon and lung, respectively.
Materials and methods
Preparation of the lentivirus. All cell culture reagents were purchased from Invitrogen Life Technologies (Carlsbad, CA, USA). The firefly luciferase gene was inserted into the lentivirus vector Ubi-MCS-IRES-Puromycin to obtain plasmid Ubi-Luc-IRES-Puromycin. HEK293T 
Cell line subselection using an in vivo model of metastasis.
HCT116-Luc cells were collected and resuspended in phosphate-buffered saline at a concentration of 4x10 7 cells/ml. Balb/c null mice (Shanghai SLAC Laboratory Animal Co., Ltd., Shanghai, China) were inoculated with 0.1 ml cell suspension through a tail vein. On day 28, tumor metastasis in each mouse was monitored using the IVIS Lumina II in vivo imaging system (Xenogen, Alameda, CA, USA). Tumor tissues were isolated from mice that had significant lung and colon metastases. A single cell suspension was prepared using a trypsin digestion method. Briefly, tumor tissues were cut into small sections and digested with 0.25% trypsin at 4˚C overnight, followed by incubation at 37˚C for 30 min. Following removal of any tissue residue by centrifugation at 300 x g for 5 min, cells were suspended with complete media supplemented with 2 µg/ml of puromycin. Following three rounds of subselection, HCT116/ Luc-P (cells isolated from the lung) and HCT116/Luc-I (cells isolated from the colon) were obtained. The present study was approved by the ethics committee of Shanghai University of Traditional Chinese Medicine (Shanghai, China) RNA isolation. Cells were seeded at a density of 600,000 cells/well in a flat-bottom 6-well plate in 2 ml of complete media. After 48 h, cells were collected and total RNA was prepared using TRIzol (Invitrogen Life Technologies) according to the manufacturer's instructions with the exception that the precipitation was allowed to remain for 12 h at -20˚C, which efficiently recovers all RNA species, including miRNAs. The RNA concentration was determined using a Nanodrop™ spectrophotometer (NanoDrop Technologies, Inc., Rockland, DE, USA). RNA integrity was assessed using a Tris-acetate-EDTA buffered agarose gel electrophoresis, analyzing integrity and association between the 28S rRNA, 18S rRNA and 5S rRNA bands.
Microarray miRNA profiling. The stacking-hybridized universal tag (SHUT) assay presented by Duan et al (14) is an efficient technique for high-throughput miRNA profiling using microarrays. Following the techniques described by Duan et al, a full-spectrum microarray was designed targeting each of the 2,017 mature human miRNAs listed in the Sanger miRBase version 19 (Wellcome Trust Sanger Institute, Hinxton, UK). Using the Agilent microarray (Agilent Technologies, Inc., Santa Clara, CA, USA), miRNA profiles of the HCT116/Luc-P and HCT116/Luc-I were obtained following the procedures as described by Zhang and Li (15) .
Image scanning and data analysis. Following hybridization and washing, slides were scanned using a GenePix 4100A microarray scanner (Molecular Devices, Inc., Sunnyvale, CA, USA) at constant power and photomultiplier tube gain settings through a single-color channel (wavelength of 532 nm). The raw pixel intensities were extracted using the GenePix Pro 7.0 software (Molecular Devices, Inc.). Data processing, including filtration, background-correction, transformation and normalization as well as subsequent statistical analysis was performed using the methods provided by Duan et al (14) . Finally, a heatmap was plotted to demonstrate the differential expression level of the mature miRNAs between HCT116/Luc-P and HCT116/Luc-I.
Results

Construction of the stable cell line HCT116/Luc.
To obtain the stable cell line HCT116/Luc, the CRC cell line HCT116 was transfected with lentivirus-mediated luciferase, selected using puromycin and detected using a luciferase assay kit (cat no. E4030, Promega, Shanghai, China). As shown in Fig. 1 , the luminescent signal of the selected cells were significantly higher than for the control HCT116 cells.
Selection of HCT116/Luc-P and HCT116/Luc-I using an in vivo model of metastasis.
Four weeks after inoculation of the mice with HCT116/Luc, tumor metastasis in each mouse was monitored using the IVIS Lumina II in vivo imaging system (Caliper Life Sciences, Hopkinton, MA, USA) as shown in Fig. 2 . Mice that exhibited significant lung and colon metastasis were selected and tumor tissues were isolated and cultured. Following three rounds of subselection, HCT116/ Luc-P and HCT116/Luc-I were obtained and identified using a luciferase assay system.
Differential miRNA expression profiles between HCT116/Luc-P and HCT116/Luc-I.
Based on the SHUT assay, the miRNA expression profiles in HCT116/Luc, HCT116/Luc-P and HCT116/Luc-I were obtained and the heat map of partial results is shown in Fig. 3 . Of the 2,017 human miRNAs analyzed, 38 miRNAs were detected to be expressed differentially between cells of HCT116/Luc-I and HCT116/Luc-P (Table I ; Fig. 3) . Additionally, 26 of the 38 miRNAs were observed to be expressed at a level >2-fold higher in HCT116/Luc-I than in HCT116/Luc-P, while the remaining 12 miRNAs demonstrated significantly lower expression.
Discussion
miRNAs are important in several types of human cancer. miRNAs have been demonstrated to be involved in the regulation of expression of a number of cancer-associated genes (8, 16) . Extensive research is currently focused on identifying miRNAs that may be important in cancer therapy and diagnosis. To date, more than 2,000 human miRNAs have been identified. These small RNAs impact many cellular processes and their deregulation is causative of many human cancers. In addition, many miRNAs were reported as predictive biomarkers and therapeutic targets in several cancers (17) (18) (19) (20) .
CRC is the third most common type of cancer in males and females (21) . One of the hallmarks of CRC is the ability to invade adjacent structures and to metastasize to remote organs (22, 23) . CRC is the second leading cause of cancer-associated mortality in the USA (24) . The majority of mortalities caused by colorectal cancer are due to metastatic disease (4). As numerous CRC patients experience metastasis to the liver or lung and fail to respond to curative therapies, significant research efforts have aimed to identify the molecular changes or regulatory mechanisms underlying CRC metastasis (5). The present study, focusing on the differences of miRNA expression in HCT16 cell lines located in the lung and colon aimed to examine the potential miRNA targets associated with the regulation of colorectal lung metastases.
As shown in the results, the expression of 38 miRNAs was significantly different (all P<0.05) in HCT116/Luc-P and HCT116/Luc-I. Notably, when comparing the miRNA expression profile of HCT116/Luc, 35 of the 38 miRNAs exhibited similar expression levels in HCT116/Luc and HCT116/ Luc-I while significantly different levels were observed in HCT116/Luc-P. This phenomenon may suggest that in the population of the CRC cell line HCT116, only a small number demonstrate metastastic characteristics.
A total of 26 miRNAs (shown in Table I ) were revealed to be expressed at a level >2-fold greater in HCT116/Luc-I than in HCT116/Luc-P. Among these miRNAs, several have been reported to be downregulated in cancer cells or tissues in previous years (25) (26) (27) (28) (29) . Hsa-miR-99a-5p was demonstrated to be downregulated >2-fold in squamous cell lung carcinoma tissues, compared with normal tissues (25) . In the present study, the expression of Hsa-miR-99a-5p in HCT116/Luc-P was >20-fold lower than that in HCT116/Luc-I, which suggests that colorectal lung metastases cells may have partial lung carcinoma characteristics. Consistent with the results reported in the present study, several of these miRNAs have been previously reported to be tumor suppressors or downregulated in cancer cells. Hsa-miR-145-5p was reported to be downregulated in intracranial aneurysms (26) . Knocking down hsa-miR-135b-5p in cell lines led to the depletion of the pediatric cancer stem cell fraction and impairment of sphere formation (27) . In various breast cancer cell lines, the expression of hsa-miR-9-3p was low and synthetic-enhancer tumor suppressor characteristics were exhibited (28) . Previously, Hsa-miR-7-5p expression was reported to be reduced in metastatic melanoma-derived cell lines compared with primary melanoma cells (29) . This is consistent with the current results and possibly indicates that hsa-miR-7-5p may be important in the regulation of carcinoma cell line metastasis.
A total of 12 miRNAs (shown in Table I ) were demonstrated to be overexpressed in HCT116/Luc-P. Among these miRNAs, hsa-miR-30a-5p has been previously reported to be overexpressed in glioma cell lines and glioma samples and its Upregulated in 26 hsa-miR-153, hsa-miR-99a-5p, hsa-miR-100-5p, hsa-miR-145-5p, HCT116/Luc-I hsa-miR-125b-5p, hsa-miR-4324, hsa-miR-7-5p, hsa-miR-203a, hsa-miR-31-5p, hsa-miR-191-5p, hsa-miR-222-3p, hsa-miR-9-3p, hsa-miR-378b, hsa-miR-151a-5p, hsa-miR-151b, hsa-miR-141-3p, hsa-miR-301a-3p, hsa-miR-135b-5p, hsa-miR-301b, hsa-miR-221-3p, hsa-miR-135a-5p, hsa-miR-151a-3p, hsa-miR-378i, hsa-miR-2392, hsa-miR-378c, hsa-miR-378a-3p Downregulated in 12 hsa-miR-10b-5p, hsa-miR-10a-5p, hsa-miR-30a-5p, hsa-miR-181b-5p, HCT116/Luc-I hsa-miR-3135b, hsa-miR-181a-5p, hsa-miR-22-3p, hsa-miR-224-5p, hsa-miR-4281, hsa-miR-708-5p, hsa-miR-192-5p, hsa-miR-155-5p expression level positively correlated with the grade of malignancy of the tumor (30) . Hsa-miR-181b-5p was also revealed to be upreglulated in gastric cancer, which may correspond with lymph node invasion, nerve invasion and vascular invasion (31) . Further to the reported miRNAs, the function of other miRNAs in cancer require further investigation. The present profiling may be the first step toward delineating the differential expression of miRNAs in CRC cells located in colon and lung. This may enable researchers to elucidate the regulation associated with miRNAs in colorectal lung metastases. These miRNAs require further validation and functional analysis to evaluate whether they are important in the pathogenesis of colorectal lung metastases or are adopted as markers for the prediction of colorectal metastasis.
